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Department of Radiology, University of Yamanashi, Yamanashi, JapanAbstractPurpose: To evaluate imaging characteristics of optic nerves by using magnetic resonance imaging, especially diffusion-weighted imaging
(DWI) with apparent diffusion coefficient measurements in acute and chronic phases of optic neuritis (ON).
Materials and Methods: A retrospective study was conducted by using records of 14 patients with clinically suspected acute ON
(15 nerves), 5 chronic ON (7 nerves), and 11 normal volunteers with no eye symptoms were used as controls. Magnetic resonance imaging
was performed by a 1.5T scanner. Affected nerves were evaluated for sizes, signal characteristics on DWI and T2-weighted imaging (T2WI),
contrast enhancement, and apparent diffusion coefficient values. Visually assessed characteristics were compared between the acute and
chronic, whereas apparent diffusion coefficient values were assessed among acute ON, chronic ON, and the control groups by using the
Fisher exact test and Mann-Whitney U test.
Results: There were significant differences in the diameter of the optic nerves, hyperintensity on DWI, and enhancement characteristics on
post-enhanced images in acute and chronic phases of ON (P ¼ .0001, P < .0001, and P ¼ .0022, respectively), apparent diffusion coefficient
values of the optic nerves in acute ON, chronic ON, and control groups also differed significantly from each other.
Conclusion: In conclusion, DWI can add valuable information in assessment of damage to nerve and neuronal barriers and thus in predicting
recovery in cases of ON.ResumeObjectif : Evaluer les caracteristiques visibles des nerfs optiques au moyen de l’imagerie par resonnance magnetique, en particulier l’IRM de
diffusion et les valeurs du coefficient de diffusion apparent durant les phases aigu€es et chroniques de nevrite optique (NO).
Materiel et methodes : On a procede a un examen retrospectif des dossiers de 14 patients presentant une NO aigu€e (15 nerfs) selon un
diagnostic clinique presomptif, de 5 patients atteints de NO chronique (7 nerfs) et de 11 volontaires ne presentant aucun sympto^me oculaire et
formant le groupe temoin. Un examen par IRM a ete effectue au moyen d’un appareil de 1,5 T. Les elements suivants des nerfs touches ont
ete evalues : taille, caracteristiques des signaux presentees a l’IRM de diffusion et sur les images ponderees en T2, rehaussement par produit
de contraste et valeurs du coefficient de diffusion apparent. Les caracteristiques de la phase aigu€e evaluees visuellement ont ete comparees a
celles de la phase chronique. De plus, on a effectue une comparaison entre les valeurs du coefficient de diffusion apparent des patients atteints
d’une NO aigu€e, celles des patients ayant une NO chronique et celles des patients du groupe temoin, a l’aide du test exact de probabilite
Fisher et du test U de Mann-Whitney.
Resultats : Des differences significatives ont ete notees entre les phases aigu€es et chroniques de la NO en ce qui concerne le diametre des
nerfs optiques, l’hyperintensite montree a l’IRM de diffusion et les caracteristiques de rehaussement visibles sur les images apres injection
d’un produit de contraste (P ¼ 0,0001, P < 0,0001 et P ¼ 0,0022, respectivement). Des differences significatives ont egalement ete relevees
entre les valeurs du coefficient de diffusion apparent des nerfs optiques des patients ayant une NO aigu€e, celles des patients atteints de NO
chronique et celles des patients du groupe temoin.
Conclusion : En conclusion, l’IRM de diffusion peut fournir des renseignements utiles a l’evaluation de l’atteinte aux nerfs et aux parois neu-
ronales et, par consequent, au pronostic de retablissement dans les cas de NO.
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52 Z. Fatima et al. / Canadian Association of Radiologists Journal 64 (2013) 51e55Introduction for 2 days before examination, and the remaining 5 wereOptic neuritis (ON) is a condition characterized by acute
and progressive loss of vision, usually accompanied with
painful eye movements and abnormal pupillary afferent
reflexes. It often heralds the onset of multiple sclerosis,
although a wide range of inflammatory conditions or
vasculitis can be the underlying cause [1,2]. The optic nerve
is difficult to image due to its small size, tortuosity, and
mobility [3,4]. However, magnetic resonance imaging (MRI)
is now routinely being used for the evaluation of ON because
it can be a source of valuable information in terms of
structural changes, localization of the abnormality, disruption
of the blood-brain barrier, and changes in diffusivity [4,5].
Also, the identification of demyelinating foci in the brain is
targeted in cases of the first attack of neuritis [6].
Diffusion-weighted imaging (DWI) is an exquisite MRI
technique that is sensitive to molecular motion. Apparent
diffusion coefficient (ADC) values, which quantify the
amount of diffusion in the imaged area, can be calculated by
using this technique [7]. Diffusion of water molecules is
largely affected by the structure of tissues. The white matter
in the brain and nerves show restricted diffusion because of
the presence of myelin sheaths. Any abnormal condition that
results in changes in the tissue architecture or disruption of
these restraining boundaries results in the variation in
movement across these and thus in the ADC [4]. The purpose
of our study was to evaluate the radiologic characteristics
and imaging findings of the optic nerves by using MRI,
especially DWI with ADC measurements in patients in acute
and chronic phases of ON, which can be helpful in predicting
the extent of damage and, in turn, can help in predicting the
chances of recovery and improvement of the visual
disabilities.Material and MethodsSubjects and Selection CriteriaTable 1
Radiologic characteristics, including ADC
Acute Chronic P value
No. nerves (no. patients) 15 (14) 7 (5)
Mean age (range) (y) 40.8 (8-74) 33.2 (30-41) .27
Sex M:F 4:10 0:5 .53
Laterality right:left 10:5 2:5 .17
Mean (SD) diameter of
the optic nerve (mm)
7.00  1.00 3.07  0.45 .0001
Hyperintensity on
T2-weighted imaging
15/15 (100%) 7/7 (100%) 1.0000
Hyperintensity on DWI 14/15 (93%) 0/7 (0%) <.0001
Contrast enhancement 12/12 (100%) 0/3 (0%) .0022
Mean (SD) ADC (103 mm2/s) 0.91  0.12 1.62  0.35 .0002
ADC ¼ apparent diffusion coefficient; DWI ¼ diffusion-weighted imaging;
SD ¼ standard deviation.Institutional review board for ethical issues deemed the
approval of this study to be unnecessary. From April 2008 to
June 2010, 14 patients (age range, 8-74 years; mean age,
40.8 years; male-female, 4:10) with acute ON were referred
to our department for MRI evaluation. The clinical criteria
of acute ON were (i) loss of vision, (ii) decreased colour
vision, (iii) periocular pain, and (iv) relative pupillary
defect. For all patients, it was the first occurrence of these
symptoms. Seven optic nerves of 5 patients (age range,
30-41 years; mean, 33.2 years; all women) in the chronic
phase also were evaluated. A minimum of a 1-year interval
from the initial attack, with multiple attacks in that time
period was used as the criteria for chronicity [4]. All of our
patients had a minimum of 2-year intervals since their first
attack, during which period they had all experienced
repeated occurrences of ON. Two of the 7 optic nerves
examined were symptomatic, with worsening of the visionasymptomatic at the time of examination. Five acute ON
and 4 chronic ON cases had a known diagnosis of multiple
sclerosis. One patient developed bilateral acute ON due to
toxoplasmosis. In other cases, no etiology of acute ON
could be established. Eleven healthy volunteers (age range,
21-34 years; mean, 26.5 years; men-women, 9:2) who had
no eye symptoms were also imaged and used as controls for
comparing ADC values.MRI AcquisitionImaging was done by using a 1.5T scanner (GE Health
Care, Milwaukee, WI). Axial DWI of the brain and axial and
coronal T2-weighted imaging (T2WI) of the orbits with fat
saturation were performed in addition to the routine brain
imaging. Parameters for the DWI were as follows: single-
shot echo-planar imaging sequence; repetition time (TR)/
echo time (TE) ¼ 8000/68 ms; time separation between
leading edges of diffusion gradients (D)/pulse gradient
duration (d) ¼ 39/32 ms; slice thickness/gap, 5 mm/1.5 mm;
matrix 128  128; field of view (FOV), 24  24 cm; number
of excitation (NEX), 1; and motion-probing gradient pulses
along 3 orthogonal axes by using b values of 0 and 1000 s/mm2.
In T2WI, fast-spin echo sequence consisted of the following
parameters: slice thickness/gap, 3 mm/0.5 mm in coronal,
whereas 5 mm/1 mm in axial scans; TR/TE 4000/85 ms;
FOV, 16  16 cm; matrix 288  192 in coronal, with 320 
192 in axial scans; and NEX, 3.
Patients experiencing acute or chronic ON also were
injected with 0.2 mL/kg body weight of a gadolinium-based
contrast agent (Magnevist, Bayer Schering Pharma, Osaka,
Japan; ProHance, Eisai Co, Ltd, Tokyo, Japan; or Omniscan,
Daiichi Sankyo Healthcare Co, Ltd, Tokyo, Japan) to acquire
a post-enhanced fat-suppressed MRI of the brain and orbits
in both axial and coronal planes except 2 patients with acute
and chronic ON each, in whom contrast-enhanced study had
not been performed. Imaging for post-enhanced T1-weighted
imaging fast-spin echo sequence was performed by using the
following parameters: slice thickness/gap, 3 mm/0.5 mm;
Figure 1. A scatter plot, showing the apparent diffusion coefficient values of
optic nerves of patients of acute optic neuritis, chronic optic neuritis, and
control groups.
Figure 2. A patient with right-sided acute optic neuritis. (A) AT2-weighted fat-su
Marked enhancement of the optic nerve is noted on post-enhanced fat-suppresse
hyperintense right optic nerve.
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NEX, 3. Postcontrast enhanced imaging was not performed
in normal volunteers.Data AnalysisImages were independently examined by 2 radiologists
(Z.F. and A.M.) with 4 and 5 years of experience, respectively.
The presence of hyperintensity on T2WI and DWI were
evaluated. Contrast enhancement after administration of the
contrast agent also was assessed by dividing the nerves into 3
portions: orbital, canalicular, and cranial. In case of
disagreement between the radiologists, a third radiologist
(U.M.) was consulted. T2W fat-suppressed and post-enhanced
coronal images were used to assess the diameters of the optic
nerves. The diameters were measured in retro-orbital areas,
and the affected side was compared with the contralateral side
for an assessment of swelling or atrophic changes, as well as
signal intensity on DWI and T2WI. In case of bilateral
involvement of the nerves, an assessment was made by
comparing with the controls.
For the calculation of ADC values, the sizes of the regions
of interest were adjusted and carefully placed in the centre ofppressed image, displaying a swollen and hyperintense right optic nerve. (B)
d T1-weighted image. (C) Diffusion-weighted imaging, showing a strikingly
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fluid, by enlarging the image. ADC values were calculated
by using the following equation:
ADC¼ LN ðsignal intensity at b value of 1000=
signal intensity at b value of 0Þ=1000
where LN represents the negative logarithm.Statistical AnalysisFigure 3. T2-weighted fat-suppressed coronal image of the orbits, showing
bilateral atrophied optic nerves in chronic optic neuritis.The statistical analysis was performed in 2 steps. First,
a comparison of the visual assessment of optic nerve diame-
ters, hyperintensities on T2WI and DWI, and contrast
enhancement between the acute and chronic ON groups by
using the Fisher exact test, and Mann-Whitney U test was
performed, in which a 2-tailed P < .05 was considered
statistically significant. Next, a comparison of the quantitative
assessment of ADC values of patients of the acute, chronic,
and control groups was performed by using the Mann-
Whitney U test with the Bonferroni correction, in which
a 2-tailed P <.016 (.05/3, because comparison was done
among 3 groups) was considered statistically significant.
Results
We found a significant difference in the optic nerve diam-
eters of patients of the 2 ON groups (P ¼ .0001), with the
patients with acute ON displaying various degrees of swelling
of the optic nerves (diameter range, 6-9 mm; mean, 7 mm),
and the patients with chronic ON and showing signs of optic
nerve atrophy (diameter range, 2.5-4 mm; mean, 3.07 mm).
All nerves of both groups showed hyperintensity on T2WI
throughout their intraorbital portions (Table 1). However, on
DWI, the findings were significantly different between the 2
groups (P< .0001), with 14 of the 15 nerves (93%) affected by
acute ON vs none of the nerves in the chronic ON group
showing hyperintensity. Similarly, post-enhanced T1-
weighted images showed enhancement in all nerves in the
acute ON group vs none of the nerves in the chronic ON group
(P ¼ .0022). In acute ON, 10 nerves showed enhancement in
the orbital part, of which 2 had only focal enhancement
measuring 7 mm and 12 mm. One showed enhancement in
orbital plus canalicular portions and the other one in all the 3
portions, that is, orbital, canalicular, and cranial portions.
The ADC values (mean [standard deviation])  (103
mm2/s) of patients in the acute ON, chronic ON, and control
groups were 0.9  0.12  103 mm2/s, 1.62  0.35  103
mm2/s, and 1.07  0.1  103 mm2/s, respectively
(Figure 1). The differences between the acute ON and the
control groups, as well as between the acute and chronic ON
groups were found to be statistically significant, with
P values of .0088 and .0002, respectively. The ADC values
of the chronic ON and the controls also were significantly
different, with a P value of .0007.Discussion
The histopathologic changes that occur in the disease
course of ON include inflammation, demyelination, and,
eventually, gliosis and atrophy [5]. The extent of recovery is
highly dependent upon the degree of damage and demye-
lination. The measurements of diffusional characteristics can
be helpful in the assessment of severity of the event and thus
its outcome.
Our results demonstrated decreased ADC values in acute
ON. The acute phase of inflammation is characterized by an
increased macrophage and astrocytic response, accumulation
of lymphocytes, and oedema while the myelin sheath is still
intact, changes that cause a decrease in ADC [8]. Destruction
of the blood-nerve barrier leads to enhancement of the nerve
(Figure 2) and is reported to be very sensitive because normal
or chronically affected optic nerves never show enhance-
ment, although an enhancement of the optic nerve sheath
may be observed due to pial vasculature [6,8]. A high signal
intensity on T2WI is thought to be due to nerve tissue
oedema and inflammation in acute cases, and axonal loss
replaced by increased amount of extracellular water and
gliosis in chronic cases [6].
DWI has been used for the assessment of various condi-
tions, such as trauma [9] and ischemia [10], that involve the
optic nerves. The use of DWI and the calculation of ADC
values for evaluating ON also has been reported [4,8,11]. In
this study, we observed 93% sensitivity and 100% specificity
in distinguishing acute from chronic ON by using only DWI,
which indicates that contrast enhancement may not always
be necessary in patients with acute ON. ADC values were
observed to be increased in chronic ON. Microstructural
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Wallerian degeneration after an acute insult leading to
demyelination are believed to increase diffusibility, and thus
ADC values [4,12]. Repeated inflammatory attacks cause
gliotic changes and tissue collapse, which results in optic
nerve atrophy (Figure 3) [12]. The limitations of our study
were as follows. It was a retrospective study with a small
sample size, especially in chronic ON. Although the optic
nerves were visualized in all the patients, the sequence
design of DWI did not specifically target the orbits.
Conclusion
In cases of ON, DWI added a great deal of information to
that obtained by other sequences of MRI in evaluating the
extent of damage and in predicting the chances of recovery.
DWI of the brain can be useful in this regard when facilities
for especially designed sequences for orbits are not available.
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